STUDY QUESTION: What are the parameters of semen quality in Baltic men?
Introduction
In the 1990s, a meta-analysis showed a temporal decline in human semen quality (Carlsen et al., 1992) , which was later confirmed by others (Swan et al., 2000; Merzenich et al., 2010) . Other crosssectional studies performed during the last 20 years have indicated that considerable percentages of men from mainly urban general populations in Europe had semen quality within a range of subfecundity (Andersen et al., 2000; Jørgensen et al., 2002 Jørgensen et al., , 2011 Jørgensen et al., , 2012 Paasch et al., 2008; Fernandez et al. 2012) . The studies also showed international differences in semen quality Punab et al., 2002; Tsarev et al., 2005; Erenpreiss et al., 2008) . Men from Estonia, Latvia, Lithuania and Finland had better semen quality than men from Norway and Denmark Punab et al., 2002; Tsarev et al., 2005) .
The above-mentioned studies of young men from the general population in Estonia, Latvia and Lithuania enroled small numbers of subjects during the period of 1997-2002 (197, 133 and 196 men, respectively) . In addition, in the Latvian study (Tsarev et al., 2005 ) the laboratory did not participate in an external quality control of assessment of semen parameters.
In the current study, we investigated the semen quality of new groups of young men from Estonia, Latvia and Lithuania, including subanalysis of data for two ethnicities in Estonia (Estonians and Russians). We report here the numbers of men with low, intermediate or high semen quality, based on the combination of parameters of sperm concentration, motility and morphology as well as serum levels of spermatogenesis-related reproductive hormones, and some physical and lifestyle factors.
Materials and Methods
The study population comprised 1165 young men from the general population in three Baltic countries; 573 from Estonia, 314 from Lithuania and 278 from Latvia, enroled in 2003 Latvia, enroled in -2004 . The study design and the protocol were the same in all three sites. The young men were invited to participate in the current study in connection with a compulsory examination before being considered for military service, irrespective of their fitness for the service. Additional inclusion criteria were that men and their mothers were born in the country where the investigation took place.
The men who gave consent were assigned an appointment for attendance at the hospital/laboratory participating in the study. On the day of the appointment each man handed in a completed questionnaire, underwent a physical examination, provided one semen sample and had a blood sample drawn. They received 20 Euros in compensation. Participation rates were 17% (Estonia), 13% (Latvia) and 15% (Lithuania).
In Estonia, two subgroups of different ethnic background could be identified: Estonians (n = 301) and Russians (n = 272): all these men and their mothers were born in Estonia, but they defined their mother tongue as Estonian or Russian, respectively.
The local Science Ethical Committees approved the studies. Participants gave written informed consent before enroling in the study.
Questionnaire
A questionnaire developed in English was translated into Estonian, Latvian, Lithuanian and Russian, and sent to participants before their attendance. The questionnaire included the information on some previous diseases and lifestyle factors.
Physical examination
On the day of the delivery of semen samples, testicular size of the participants was determined by a physician using a wooden orchidometer (Pharmacia & Upjohn, Denmark). Right and left testicular sizes were recorded, and for all comparative calculations the mean testicular size (right+left/2) was used.
Semen samples
Semen samples were produced by masturbation in a room close to the semen laboratory. Participants were requested to abstain from ejaculation for at least 48 h prior to attendance. The actual abstinence period was calculated from the self-reported time of previous ejaculation and the time of delivery of semen sample. The semen samples were analysed for semen volume, sperm concentration, motility and morphology according to the WHO guidelines (World Health Organization, 1992) . After the assessment of semen volume, sperm motility was determined (within 1 h after ejaculation). Details regarding semen analyses and quality control are provided in the Supplementary data.
Blood samples
Venous blood samples were drawn for an assessment of serum levels of FSH and inhibin-B. The median time when samples were drawn was 9.50 in the morning (5th-95th percentile: 8.50-12.50). Details regarding analysis methods are provided in the Supplementary data.
Statistics
Descriptive statistics are presented using medians (5-95 and 25-75 percentiles) or percentages. To provide a combined interpretation of the semen quality, men were categorized in three groups as recently described by Damsgaard et al. (2016) : 'low semen quality' if sperm concentration was <15 mill/ml, and/or progressive motility <32%, and/or normal morphology <4% [i.e. below WHO reference levels (World Health Organization, 2010)], 'high semen quality' if all semen parameters were above levels for high fertility potential demonstrated by various studies (Bonde et al., 1998; Guzick et al., 2001; Slama et al., 2002) : sperm concentration >40 mill/ml, and motility >50%, and morphology >9%. All other samples were categorized as 'intermediate semen quality'.
Between-group differences for categorical values were tested by the non-parametric Kruskal-Wallis test. Overall differences between groups were tested by the Chi-squared test. All other between-group differences were tested by multiple linear regression analysis. When semen volume, sperm concentration and total sperm count were the outcome variables they were transformed by a cubic root transformation before analyses to correct for skewed distributions of residuals. For sperm motility, the ratio of motile/immotile (A+B/C+D) was calculated and logarithmically transformed. The percentage of morphologically normal spermatozoa was close to that of a normal distribution, and entered the model untransformed. In multivariate regression analyses, ejaculation abstinence period, age, BMI, smoking and use of alcohol were tested as potential covariates for semen data. For hormone variables the same potential covariates, in addition to time of day of blood sampling, were tested.
Ejaculation abstinence time was entered into the model as piecewise linear functions (linear splines): as one straight line for abstinence below 48 h, another straight line for abstinence periods 46-96 h and a third for abstinence period above 96 h. Abstinence time was significantly associated with semen volume, sperm concentration, total sperm count and sperm motility (P < 0.0005). Increasing age (linear) was significantly associated with sperm motility (P = 0.004), and not significantly associated with increasing sperm concentration (P = 0.055). Smoking (increasing numbers of cigarettes/cigars/pipes combined per day) was associated with sperm concentration (P = 0.013) and total sperm count (P = 0.008). Sperm morphology was not associated with any of the tested covariates. Use of alcohol or BMI, both tested as linear, non-linear or categorized were not associated with any semen variables. To make one general model for semen variables, ejaculation abstinence time and age were included as covariates in the regression analyses when semen parameters were the dependent variable. Smoking as an explanatory variable was not included in the model.
Increasing BMI was associated with lower inhibin-B and FSH (both, P < 0.005). Increasing age was associated with decreasing inhibin-B (P = 0.005). Time of blood sampling was associated with both FSH (P = 0.012) and inhibin-B (P < 0.001). All tests were two-tailed, P < 0.05 was considered significant. Statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).
Results

Basic characteristics
The characteristics of the study population are summarized in Table I . All variables differed between the groups. Noteworthy, more Russian men had had cryptorchidism (9.6%), including those with spontaneously descending testicles in the early postnatal period, as compared to all other men.
Semen quality and reproductive hormones
Semen parameters and reproductive hormone values are summarized in Table II . Overall, total sperm count, and percentage of progressive motile spermatozoa and morphologically normal spermatozoa differed between the groups, as did FSH, inhibin-B and their ratio, with Latvian men having the lowest inhibin-B and inhibin-B/FSH-ratio. Table III shows the P-values for the pair-wise comparisons. E.g. the differences in total sperm counts were due to the differences between EstoniansRussians and Estonians-Lithuanians. More information on sperm concentration data is provided in the Supplementary data. Figure 1 shows the distribution of men classified according to semen quality category: 38-52% high semen quality and 11-15% low semen quality. When all countries were compared, the difference in distribution of men in the three semen categories was significant (P = 0.029).
Comparison of two ethnic groups in estonia
Comparing the two ethnic subgroups of men from Estonia, no differences were found using combined semen parameters, as shown in Fig. 1 (P = 0.86), but ethnic Estonians had higher total sperm counts than Russians (Table III) . There were no differences between ethnic subgroups in hormone levels. Values are raw medians, 5th-95th and 25th-75th percentiles A Linear regression models for differences between the four adjusted for age and ejaculation abstinence period.
B
Linear regression models for differences between the four adjusted for age and BMI.
In a sub-analysis including only men with no previous cryptorchidism, the Russians still had lower total sperm counts (P = 0.038). Within the group of Russians who previously had cryptorchidism, the median sperm concentration was 58.7 mill/ml versus 72.4 mill/ml for the non-cryptorchid men, but the difference was not significant (P = 0.12). However, the corresponding median total sperm counts were 169 and 216 mill/ejaculate, being significantly lower in men who have cryptorchidism in their history (P = 0.04). No differences in sperm motility or normal morphology levels between these two groups were found.
Lifestyle factors
Smokers had lower sperm concentrations than non-smokers (median 60 versus 66 mill/ml, P = 0.02) and lower total sperm counts, (177 versus 226 million, P < 0.001). Recent alcohol intake was not associated with any semen variables.
Discussion
The semen quality of the 1165 men from urban areas in the Baltic countries included in this study seemed to be better when compared to the men in other studies from general urban populations from other European countries. Sperm concentrations did not differ between subgroups of the Baltic men, and the median of 63 mill/ml was higher than that reported from Denmark (48 mill/ml) , Germany (42-46 mill/ml) (Paasch et al., 2008) , Sweden (52 mill/ml) (Richthoff et al., 2002) and Spain (44-51 mill/ml) (Mendiola et al., 2013) but similar to the concentration originally reported from Finland (60-67 mill/ml) (Jørgensen et al., 2011) .
Sperm concentration is only one variable of semen quality, and ought to be seen in combination with sperm motility and morphology.
A recent publication suggested how to combine interpretation of sperm concentration, motility and morphology based on the WHO reference levels (World Health Organization, 2010) and studies relating semen quality variables to probabilities of achieving pregnancy (Damsgaard et al., 2016) . Utilizing this classification system in our study revealed that a considerable percentage (11-15%) of men in the Baltic Figure 1 Distribution of men in different semen quality groups, using combined parameters of sperm concentration, motility and morphology. Men were categorized into 'low semen quality' group if sperm concentration was <15 mill/ml, and/or progressive motility <32%, and/or normal morphology <4%; into 'high semen quality' group-if sperm concentration was >40 mill/ml, and motility >50%, and morphology >9%. All other men were categorized into 'intermediate semen quality' group.
countries actually had low semen quality. Hence, even though these young men on average do have semen quality that might be considered as one of the best in Europe, a large proportion (48-62%) may actually experience a prolonged waiting time to pregnancy or could need fertility treatment if they wish to procreate. On the other hand, 40-50% of Baltic men had high semen quality, and this percentage seems to be one of the highest among young European men. Although studies from Denmark and Germany (Paasch, et al., 2008) did not provide a combined interpretation of semen quality, it was reported that only 23% of young Danish men had optimal, and 42% had suboptimal, semen quality . Also,~45% of Germans seemed to have semen quality in a sub-fertile range (Paasch et al., 2008) . Basically, we did not detect any notable differences in semen quality among men from the neighbouring Baltic countries. However, ethnic Estonians had higher total sperm counts than Russians living in the same environment in Estonia. Furthermore, the percentage of men that had a history of cryptorchidism was highest in Russians. Even if the men with cryptorchidism were excluded, Estonians still had higher total sperm counts than Russians. It is hard to assess the degree to which this difference reflects a real biological difference between Russians and Estonians, or reflects a selection bias. Hormonal levels were within normal ranges, and did not point to the selection of men who were not representative of the general population. Remarkable differences in cryptorchidism rates between boys with different ethnicities in Scandinavian/Nordic region have been also detected in other studies, reporting 2.4% for Finns and 9.0% for Danes (Boisen et al., 2004) . To the best of our knowledge, only one Lithuanian study which detected 5.7% of cryptorchidism in newborn boys, investigated this in the Baltic region (Preiksa et al., 2005) . If the difference in cryptorchidism rates between Estonians and Russians from Estonia is real, it could indicate that genetic susceptibility or environmental factors including lifestyle factors are important for testicular development and function, in line with the suggestion of the existence of a testicular dysgenesis syndrome (Skakkebaek et al., 2001) . However, more detailed investigations of environmental factors than those we have included in this study, including information of maternal lifestyle during pregnancy, are needed to explore the potential impact of lifestyle.
In conclusion, our study showed that a pronounced proportion of young men from the general population in the Baltic countries have suboptimal semen quality, although on average they had better semen quality than men from other European countries, as reported by others. Approximately, one out of nine young men might need fertility treatment, and only around half of them fall into the group with estimated high fecundity.
